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Summary

Enterovirus infections have been diagnosed more frequently in type 1 diabetic
patients than in the healthy population, and enteroviruses have also been
found in the pancreas of diabetic patients. Primary replication of the virus
occurs in the gut, but there are no previous studies evaluating possible pres-
ence of virus in the intestine of diabetic patients. The purpose of this study
was to investigate if enteroviruses can be found in small intestinal tissue of
type 1 diabetic patients. Formalin-fixed, paraffin-embedded upper intestinal
biopsy samples were analysed for the presence of enterovirus using in situ
hybridization and immunohistochemistry. Enterovirus was detected by in situ
hybridization in six (50%) of the type 1 diabetic patients (n = 12) but in none
of the control subjects (n = 10, P = 0·015). Immunohistochemistry identified
enterovirus in nine (75%) of the patients and one (10%) control subject
(P = 0·004). The presence of the virus was confirmed by reverse transcription–
polymerase chain reaction in one of the four patients from whom a frozen and
unfixed sample was available. Intestinal morphology was normal in all study
subjects. The results suggest that a substantial proportion of type 1 diabetic
patients have an ongoing enterovirus infection in gut mucosa, possibly reflect-
ing persistent enterovirus infection. This observation opens new avenues for
further studies on the possible role of enteroviruses in human type 1 diabetes.
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Introduction

Previous studies have found that enterovirus infections are
more common in type 1 diabetic and prediabetic subjects
than in the healthy population [1]. Enteroviruses were also
found in the pancreas of a few diabetic cases [2–7]. However,
possible mechanisms that explain how enterovirus infections
could cause type 1 diabetes still remain uncertain. The
primary replication site of enteroviruses is in the gut
mucosa. In light of this well-known fact it is surprising that
no studies have been conducted so far to search for enterovi-
ruses in the intestinal tissue of diabetic patients. In addition,
previous studies have provided evidence that the small intes-
tine of type 1 diabetic patients shows enhanced immune
activation [8,9]. This type of activation of the gut immune
system could be explained by a local virus infection in intes-
tinal mucosa. The purpose of this study was to analyse if
enteroviruses can be found in small intestinal mucosa of
type 1 diabetic patients. We analysed small intestine biopsies

of type 1 diabetic patients and healthy subjects for the pres-
ence of enterovirus using different virological methods.

Subjects and methods

Study series

Small intestine biopsy samples were taken from 12 type 1
diabetic patients and 10 control subjects during the years
1995–2000 at the Department of Gastroenterology, Tampere
University Hospital. Type 1 diabetes had been diagnosed in
all patients and all of them were on insulin treatment
(Table 1). Their ages varied from 18 to 53 years (median
30 years) and duration of diabetes from 0 to 51 years
(median 13 years). Two of the patients were male. All control
subjects were non-diabetic and their age varied from 23 to
71 years (median 54 years). Three subjects were male. All
study subjects underwent gastroscopy due to unspecific gas-
trointestinal symptoms and small bowel mucosal biopsies
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were taken for morphological analyses and for basic
research. Morphological analyses indicated normal gut
mucosa in all study subjects. Coeliac disease was excluded
from all study subjects by negative endomysial antibody
result and normal villous morphology. For in situ hybridiza-
tion and immunohistochemistry, biopsy samples were
formalin-fixed and embedded in paraffin, after which they
were cut into 5 mm sections onto microscopic slides. For
reverse transcription–polymerase chain reaction (RT–PCR),
unfixed samples were stored frozen in optimal cutting tem-
perature (OCT) medium at -70°C. Formalin-fixed samples
were available from all study subjects, while frozen samples
were available from four patients. Study protocol was
approved by the ethical committee of Tampere University
Hospital, and all subjects gave their informed consent.

In situ hybridization

An enterovirus-specific oligonucleotide probe (sequence
from 5′ to 3′GAA ACA CGG ACA CCC AAA GTA GTC
GGT TCC GCT GCR GAG TTR CCC RTT ACG ACA) was
designed to hybridize with the conserved, group-common
sequence in the 5′ non-coding region of the enteroviral
genome to detect all known enterovirus types. The probe was
3′ end-labelled with digoxigenin (DIG) using the DIG oligo-
nucleotide tailing kit (Roche Diagnostics Ltd, Welwyn
Garden City, UK). Ten pmol of the probe was used for one
labelling reaction. The hybridization was performed using
earlier published instructions [10]. The amount of probe in
the hybridization cocktail was 250 ng, and the used hybrid-
ization time was 3 h. Binding of the probes was documented
by anti-DIG antibody, which was conjugated with alkaline
phosphatase. This enzyme, together with its substrate
nitroblue tetrazolium/bromo-chloro-3-indolyl-phosphate
(NBT/BCIP), yields an insoluble purple precipitate, which
can be visualized using a light microscope. Enterovirus-
infected and mock-infected green monkey kidney (GMK)
cells were used as controls.

Immunohistochemical staining

A monoclonal mouse enterovirus-specific antibody
(DakoCytomation Denmark A/S, Glostrup, Denmark; clone
5-D8/1) (1 : 1000) was used to detect enteroviral VP1
protein in biopsy samples using the EnVision+ polymer tech-
nique (DakoCytomation Denmark A/S). Antigen retrieval
was performed on rehydrated sections in a microwave oven
at 850 W for two 7-min cycles using Tris-ethylenediamine
tetraacetic acid (EDTA) buffer (pH 9·0) as the retrieval
solution. Immunostaining was carried out in a TechMateTM

500 Immunostainer (DakoCytomation Denmark A/S).
Diaminobenzidine (DAB) was used as a chromogen and
haematoxylin as a nuclear stain. The specificity of immuno-
histochemistry was controlled by omitting the primary anti-
bodies or replacing them with irrelevant anti-sera. Known
positive tissue samples from enterovirus-infected mice were
used to confirm the staining reliability of all separate staining
batches. Enterovirus-infected and mock-infected GMK cells
were used as controls.

RT–PCR

The biopsy samples were first cut out from the OCT
medium, after which they were homogenized using a Silent-
Crusher S homogenizer (Heidolph, Schwabach, Germany).
RNA extraction was carried out using the RNeasy Mini Kit
(Qiagen, Hilden, Germany). We used a highly sensitive
RT–PCR method which amplifies a sequence common for all
known enterovirus serotypes. The details of this method
have been described in our earlier studies [11].

Statistical methods

Statistical analyses were performed using spss 15·0 for
Windows. Frequency comparison was performed using the
Pearson c2 test.

Table 1. Clinical characteristics and enterovirus analysis of type 1 diabetic patients.

Patient Sex Age at biopsy Age at DM dg

In situ

hybridization Immunohistochemistry RT–PCR*

1 F 18 13 – + n.a.

2 F 19 Under age 10 – – n.a.

3 F 23 23 + + n.a.

4 F 29 Under age 10 + – n.a.

5 M 29 10 + + –

6 F 30 18 + + –

7 M 30 26 – – n.a.

8 F 31 6 + + +
9 F 37 5 – + n.a.

10 F 43 15 – + n.a.

11 F 50 41 – + n.a.

12 F 53 51 + + –

*A frozen sample for reverse transcription–polymerase chain reaction (RT–PCR) was available from only four patients who were positive in both

in situ hybridization and immunohistochemistry; n.a.: not analysed (there was no frozen biopsy sample available from these patients).
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Results

In total, 12 type 1 diabetic patients and 10 control subjects
were analysed for the presence of enterovirus in small
intestinal biopsies using in situ hybridization and
immunohistochemistry. Six of the patients were clearly posi-
tive in the hybridization assay, whereas all control subjects
remained negative (P = 0·015; Table 2 and Fig. 1). Four of
the enterovirus-positive cases had the virus in the epithelial
cells of villi and crypts as well as in the cells of lamina
propria; two were positive in lamina propria only. Immuno-
histochemistry detected enterovirus protein in nine of the
patients and one control subject (P = 0·004; Table 2 and
Fig. 1). Positivity was located especially in the epithelium.
Nine of the patients (75%) and one of the control subjects
(10%) were enterovirus-positive in either in situ hybridiza-
tion or immunohistochemistry (P = 0·004). The presence of
the virus was also confirmed by RT–PCR in one of the four
patients who were positive in both hybridization and immu-
nohistochemistry and from whom a frozen sample was avail-
able for RT–PCR analyses (Table 1). Detection of enterovirus
in gut mucosa was not associated with HLA type, gender,
hyperglycaemia or duration of diabetes.

Discussion

This is the first time that an enterovirus was found in the
mucosa of small intestine of type 1 diabetic patients. Even
though it is well known that the primary replication of
enteroviruses happens in intestinal cells, this evidence comes
mainly from animal studies and surprisingly little is known
about the possible presence of virus in intestinal mucosa in
any enterovirus disease of humans. Therefore, from this
viewpoint our observation indicating enterovirus in intesti-
nal mucosa is significant.

The presence of the virus correlated with type 1 diabetes
because diabetic patients were positive more frequently than
control subjects. The parallel results from two unrelated
methods (immunohistochemistry and in situ hybridization)
strongly support the specificity of these findings. In addition,
we were able to confirm the presence of the virus by RT–PCR
in one of four patients from whom a frozen sample was
available. Although there is variation between the detection
of viral RNA by in situ hybridization and RT–PCR, there is
no real discrepancy between them. This type of variation
could be due to the two separate biopsy samples which were
needed for the two methods, representing two different sites

Table 2. Detection of enterovirus in small intestinal biopsy samples from type 1 diabetic patients and non-diabetic control subjects.

Method Enterovirus positive Enterovirus negative

Type 1 diabetics (n = 12) In situ hybridization 6* 6

Immunohistochemistry 9** 3

Control subjects (n = 10) In situ hybridization 0 10

Immunohistochemistry 1 9

*P = 0·015; **P = 0·004 when compared to control subjects.

Fig. 1. Detection of enterovirus in the

epithelium and lamina propria of small

intestinal biopsy sample of one type 1 diabetic

patient. (a) The dark purple precipitate

indicates the presence of enteroviral genome

(in situ hybridization) in a diabetic patient

compared to enterovirus-negative sample of

one control subject (b). (c) The brown colour

indicates the presence of enterovirus VP1

protein (immunohistochemistry) in crypt

epithelium in a diabetic patient compared to

virus-negative control subject (d). Pictures were

taken with 400-fold magnification. Some

virus-positive cells are marked by arrows.
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of the intestinal mucosa. These samples were also pretreated
differently; the tissue sample was frozen for RT–PCR but
fixed in formalin for in situ hybridization. Formalin-fixation
leads to partial degradation of the virus RNA, but the short
in situ hybridization probe is able to bind to such short RNA
fragments. However, RT–PCR needs a longer region of intact
RNA and can also be affected by possible PCR inhibitors.
Immunohistochemistry was based on the use of a commer-
cial enterovirus specific antibody detecting viral VP1
protein, while in situ hybridization detected viral RNA. The
specificity of the VP1 antibody used in immunohistochem-
istry, as well as the probe of in situ hybridization, was vali-
dated by internal virus-positive and -negative controls in
each assay run. In previous studies this VP1 antibody has
been used widely to detect enterovirus protein in cardiac and
other tissues [3,12,13]. The specificity of the RT–PCR
method was validated in our previous study [11].

In spite of the good overall correlation between the results
of immunohistochemistry and in situ hybridization, there
was some variation in the intensity of staining and localiza-
tion of virus-positive cells in individual samples. More
samples were also enterovirus-positive in immunohis-
tochemistry than in hybridization. This variation could be
related to technical reasons and may be due to possible deg-
radation of virus RNA during formalin-fixation, while virus
proteins could be more resistant to such degradation.

The results suggest that a significant proportion of type 1
diabetic patients may have ongoing enterovirus infection in
the gut. This finding is in line with several previous publica-
tions suggesting an association between enteroviruses and
type 1 diabetes [1]. Previous studies have been based on the
detection of enterovirus genome sequences or enterovirus-
specific antibodies in the serum of diabetic patients more
frequently than in control subjects, and some studies have
found the virus in the pancreas of diabetic subjects [2–7]. It
is known that pancreatic islets are infected during severe
systemic infections, suggesting that these viruses have spe-
cific tropism to islet cells [6]. Enterovirus can also infect and
damage pancreatic islets in mouse models and in islet cell
cultures [6,14–17]. The present study suggests that, in addi-
tion to the pancreatic tissue, intestinal mucosa may be an
important focus of enterovirus infection in diabetic patients.
Frequent detection of the virus would fit well with persistent
enterovirus infection. Previously, the persistence of enterovi-
rus has been documented in cardiac tissue, where it can lead
to chronic myocarditis and cardiomyopathy, but persistence
of the enterovirus in gut tissue has not been described
before. However, it is logical to assume that the intestinal
tract may be particularly permissive for viral persistence as it
is the primary replication site of these viruses, and the virus
has adapted to replicate efficiently in these tissues during
evolution. Further studies are needed to determine if there
are some specific mechanisms which could make the gut of
diabetic subjects particularly susceptible for enterovirus rep-
lication and viral persistence. For example, some dietary

factors, which have been linked to the aetiology of type 1
diabetes (such as cow’s milk proteins), could make the gut
mucosa more susceptible for the virus. It is also possible that
risk genes for type 1 diabetes influence viral replication. The
recently discovered risk gene for type 1 diabetes, mda-5,
codes for an intracellular receptor for enterovirus RNA
which mediates the activation of innate immune system
during enterovirus infection [18]. Hyperglycaemia could
also make diabetic patients more susceptible to the virus.
However, prospective studies have found increased fre-
quency of enterovirus infections in prediabetic subjects
whose glucose metabolism is still normal, suggesting that
some other mechanisms are probably involved [19]. Most of
the patients in the present series had had diabetes for several
years, and further studies among recently diagnosed patients
as well as prediabetic autoantibody-positive subjects are
needed to find answers to these still unresolved questions.

Our findings also fit well with previous observations sug-
gesting immune activation in the small intestine of type 1
diabetic patients. Enhanced expression of major histocom-
patibility complex (MHC) class II antigens and intercellular
adhesion molecule-1, as well as increased densities of
interleukin-1a and interleukin-4-positive cells, have been
found in small intestine of patients with type 1 diabetes
[9]. In addition, type 1 diabetic subjects have shown an
increase in intestinal permeability [20], a finding which
could also be explained by local enterovirus infection in the
gut. Previous studies have also suggested that enterovirus
infections can enhance immunization to dietary insulin in
cow’s milk [21], a phenomenon which could be caused by
the adjuvant effect of the virus replicating in the gut
mucosa.

It is possible that (persistent) enterovirus infection in the
gut could be connected to the pathogenesis of type 1 dia-
betes. Replication of the virus in the gut could provide a
virus reservoir which is connected anatomically to the pan-
creas via pancreatic duct and lymphatic networks, which
could be the source of pancreatic infection. Local infection
in the gut could also stimulate autoreactive lymphocytes
which then home to the pancreas using the common
homing receptors [22]. These open questions indicate that
further studies are needed to elucidate these phenomena
and to obtain more detailed data about the proportion of
diabetic and prediabetic subjects who harbour the virus in
gut mucosa.
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